Experimental study of immune tolerance of liver transplantation by pre-infusion apoptotic lymphocytes from donor rats by 冯继峰
 I
学校编码：10384                                分类号      密级       




  硕士  学  位  论  文 
                                           
预输注供者外周血凋亡淋巴细胞诱导大鼠肝移
植免疫耐受的研究 
Experimental study of immune tolerance of liver transplantation 
by pre-infusion apoptotic lymphocytes from donor rats 
冯继峰 
指导教师姓名：刘静  副教授 
专  业 名 称：外科学 
论文提交日期：2011 年 5 月 
论文答辩时间：2011 年 5 月 
学位授予日期：2011 年 6 月 
  
答辩委员会主席：           
评    阅    人：           
 






















另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的




































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







                             声明人（签名）： 













 I  
缩 略 词 表 
ABBREVIATION 
英文缩写 英文全称 中文全称 
OLT Orthotopic liver transplantation 原位肝移植 
ROLT Rat orthotopic liver transplantation 大鼠原位肝移植 
SVC Suprahepatic vena cava 肝上下腔静脉 
IVC Infrahepatic vena cava 肝下下腔静脉 
PV Portal vein 门静脉 
BD Bile duct 胆管 
FITC Fluorescein isothiocyanate 异硫氰酸荧光素 
PS Phosphatidylserine 磷酯酰丝氨酸 
PI Propidium iodine 碘化丙啶 
ALT Alanine transaminase 丙氨酸氨基转移酶 
TBil Total bilirubin 总胆红素 
MST Median survival time 中位生存期 
HLA Human leueoeyte antigen 人类白细胞抗原 
IFN-γ Interferon-gamma γ-干扰素 
IL-2 Interleukin-2 白细胞介素-2 
IL-4 Interleukin-4 白细胞介素-4 
IL-10 Interleukin-10 白细胞介素-10 
DC Dendritic cell 树突状细胞 
FCM Flow cytometer 流式细胞仪 
AICD Activation induced cell death 活化诱导的细胞死亡 
PCD Programmed cell death 程序性死亡 

























物模型，统计手术过程主要步骤所用时间。正式实验阶段分 2 组：同品系组 SD-SD




供体手术时间 (43.6±7.3min vs 28.6±3.6min)、供肝修整时间 (18.6±4.7min vs 
10.4±3.2min)、受体手术时间(77.3±9.8min vs 51.4±4.8min)以及无肝期(21.6±3.4min 
vs 17.2±1.2min)，差异具有统计学意义(P<0.01)。预实验第二阶段与正式实验阶
段各项主要手术步骤时间相比，差异没有统计学意义(P>0.05)。预实验第一阶段
术后 24h 存活率为 18.8%，术后 1w 存活率为 6.3%。预实验第二阶段术后 24h 存




































































单纯供者淋巴细胞输注组(B 组)：术前 7d 经受体阴茎背静脉输注供者外周血淋巴
细胞；供者凋亡淋巴细胞输注组(C 组)：术前 7d 经受体阴茎背静脉输注经直线加
速器照射的外周血凋亡淋巴细胞。每组之间均做 Wistar 至 SD 的肝移植模型，每
组各 12 只 Wistar、SD 大鼠。观察术后受体大鼠的生存期状况、术后第 7d 的肝
功能(ALT、TBil)变化的检测和光镜下肝组织病理改变的观察以及术后 3d、7d 和
10d 的血清细胞因子(IL-2、IL-4、IL-10、IFN-γ)的检测。 
结果：A 组大鼠术后生存时间为 7～15d，中位生存期(MST)为 11d；B 组大鼠术
后生存时间为 12～43d，MST 为 29d；C 组生存时间为 42～100d，MST 为 100d。
各实验组之间生存时间比较，差异具有统计学意义(P<0.001)。A组大鼠血清ALT、
TBil 明显高于其它两组(P<0.001)。B 组和 C 组之间 ALT 和 TBil 相比较，同样具
有显著性差异(P<0.001)。术后肝组织病理检测表明，A 组呈现急性重度排斥反应，
B 组呈现急性中度排斥反应，C 组呈现急性轻度排斥反应。血清 IL-2 术后均有
所上升，其中对照组上升幅度 大，三组之间比较差异具有统计学意义(P<0.001)；
血清 IL-4 和 IL-10 变化较一致，对照组术后血清 IL-4 和 IL-10 有所下降，B 组和
C 组明显上升，C 组上升幅度 大，与 A 组以及 B 组在各个时间点比较，差异





明凋亡细胞诱导移植免疫耐受可能与调节 Thl/Th2 平衡有关，即促使 Th0 细胞向
Th2 细胞分化而抑制 Thl 细胞生成。 
关键词：大鼠 肝移植 模型 免疫耐受 免疫排斥 直线加速器 凋亡 诱导 检测 
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ABSTRACT 
Chapter one: Technology establishment and improvement of orthotopic liver 
transplantation in rats 
Objectives: To build the experimental model of rat orthotopic liver transplantation 
(ROLT), improve the classical “two-cuff-method” of ROLT, and establish the ideal 
technology platform for the following study in that apoptotic lymphocyte cells induce 
immune tolerance in liver transplantation in rats. 
Methods: Experiment was divided into two stages: preliminary experimental stage 
and formal experimental stage. During the first preliminary experimental phase, 80 
models of ROLT were builded from SD rats to SD rats with the improved 
“two-cuff-method” of ROLT to make the technology more skilled. During the second 
preliminary experimental phase, 20 models were builded also from SD rats to SD rats 
in order to improve the surgical model stability. Formal experiment is divided into 
two groups: Isogene group: 10 models from SD rats to SD rats and Allogene group: 
10 models from Wistar rats to SD rats. After the first preliminary experimental stage, 
the second stage training has established the basic stability of ROLT model, and the 
main steps of the surgical time was assessed by statistical analysis between two stages. 
Observe the postoperative general condition, and analysis the survival after ROLT in 
two groups in the formal experiment. 
Results: After the first preliminary experimental stage, the second stage training has 
established the basic stability of ROLT model. The main steps of the surgical time in 
the preliminary experimental stage were significant differences (P<0.01), which were 
including donor operating time (43.6±7.3min vs 28.6±3.6min), graft preparing time 
(18.6±4.7min vs 10.4±3.2min), recipient operating time (77.3±9.8min vs 51.4±4.8min) 
with anhepatic phase time (21.6±3.4min vs 17.2±1.2min). One week survival rate was 
85.0% in second preliminary experimental phase, which was significant higher than 
the first preliminary experimental phase with the survival rate of 6.3% (P<0.001). In 
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group rats occurred acute rejection with a poor survival. There were significant 
differences between the isogene group and allogene group in survival (P<0.001). 
Conclusions: With the improved “two-cuff-method” of ROLT, high success rate and 
wonderful stability were achieved in establishing model of ROLT. Better operative 
skills and attention to the details concerned with the operation are the key points to 
establish ROLT successfully. The model of ROLT between Wistar rats to SD rats is a 
rejection model, and is thought to be a better animal model for studying immune 
tolerance of liver transplantation. 
Chapter two: Cellular separation, apoptosis induction and detection of 
peripheral blood lymphocytes 
Objectives: To study the feasibility of peripheral blood lymphocytes separated by rats 
lymphocytes separation medium, investigate apoptosis of isolated peripheral blood 
lymphocytes induced by X-irradiation with electron linear accelerator in vitro. 
Methods: The peripheral blood lymphocytes were excised from Wistar rats under 
aseptic condition by rats lymphocytes separation medium, and single-cell suspension 
of peripheral blood lymphocytes was prepared. Experiment was divided into four 
groups: GroupA-D. Group A was a control group, group B-D were experimental 
groups. Peripheral blood lymphocytes of group B-D were irradiated by X rays from 
the electron linear accelerator at different absorbed doses (1.0Gy, 2.0Gy, 3.0Gy, 
respectively). Then all the four groups were added into a culture flask and incubated 
in 5% CO2 at 37  ℃ at different time courses (2h, 4h, 8h, and 12h, respectively). The 
morphological changes by the inverted phase contrast microscope were observed, and 
the apoptotic rates of peripheral blood lymphocytes were measured by flow cytometry 
with the method of AlmexinV-FITC/PI. 
Results: Peripheral blood lymphocytes can be separated well by the rats lymphocyte 
separation medium in vitro. The morphological changes by inverted phase contrast 
microscope showed a large number of lymphocytes with bright circles, mononuclear. 
Cellstain trypan blue showed the cell survival was 96.5%. Lymphocytes in group B-D 
with the extension of cultivating time, some lymphocytes were decrescent, and aizen 
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peripheral blood lymphocyte apoptosis. The control group also had a certain amount 
of apoptosis, the apoptosis rates of control group and group B were increased with the 
extension of cultivating time, the maximum apoptosis rates were 33.4+2.3% and 
41.2+2.8% at the cultivating time of 8h, then a slight reducing of apoptosis rates were 
30.3±3.4% and 37.5+3.7% at the cultivating time of 12h. In group C, the maximum 
apoptosis rate was 46.1+3.2% at the cultivating time of 4h, after that the apoptosis 
rates were gradually declined at 8h and 12h. Group D also reached the peak apoptosis 
rate of 43.2+3.0% at the cultivating time of 4h, but rises of apoptosis rates at each 
time were not significant. The lowest apoptosis rate at each time was control group, 
and group C had the maximum apoptosis rate at the cultivating time of 4h. Overall, 
irradiation treatment groups compared with the control group, the apoptosis rate at 
each time was significant difference (P<0.01). 
Conclusions: Peripheral blood lymphocytes can be separated well by the rats 
lymphocyte separation medium in vitro. Electron linear accelerator irradiation can 
induce lymphocytes apoptosis, the method is simple and effective, and the irradiation 
dose of 2.0Gy with the cultivating time of 4h can induce the maximum apoptosis rate, 
which can provide a good platform of experimental studies in liver transplantation for 
immune tolerance. 
Chapter three: Experimental study of immune tolerance of liver transplantation 
by pre-infusion apoptotic lymphocytes from donor rats 
Objectives: To study the effect of immune tolerance induction of liver transplantation 
by pre-infusion apoptotic lymphocytes from donor rats, and provide a new thinking 
and feasible method for clinical success in immune tolerance of liver transplantation. 
Methods: The Wisrar and SD rats were divided into three groups: control group (only 
liver transplantation without pre-infusion), lymphocyte group (recipients receiving 
pre-infusion of lymphocytes of donors 7 days ago), apoptosis lymphocyte group 
(recipients receiving pre-infusion of apoptotic lymphocytes of donors 7 days ago), and 
each group was containing 12 Wistar rats and 12 SD rats, respectively. The alanine 
transaminase (ALT), total bilirubin (TBil), interferon-γ (IFN-γ), interleukin-2 (IL-2), 
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Results: The survival in group A were 7~15d, with the median survival time (MST) 
of 11d, group B were 12~43d, with the MST of 29d, and group C were 42~100d, with 
the MST of 100d. There were significant differences between the three groups in 
survival (P<0.001). The ALT, TBil in control group were significantly higher than the 
other two groups (P<0.001). ALT and TBil in Group C, compared with group B, also 
had a significant difference (P<0.001). Postoperative liver tissue pathology testing 
showed that group A was acute severe rejection (Williams grade 3), group B was 
acute moderate rejection (Williams grade 2), and group C was acute mild rejection 
(Williams grade 1). The serum level of IL-2 were arised after liver transplantation in 
all three groups, there were significant differences between the three groups in IL-2 
(P<0.001). Serum IL-4 and IL-10 had the same changes after liver transplantation, 
and control group were declined while group B and C were increased obviously, there 
were significant differences between the three groups in IL-4 and IL-10 (P<0.001). 
Serum IFN-γ increased at the 3rd postoperative day, and achieved a maximum level at 
the 7th day, there were significant differences in IFN-γ (P<0.001). 
Conclusions: Pre-infusion apoptotic lymphocytes from donor rats by electron linear 
accelerator irradiation can induce immune tolerance in liver transplantation. The 
pre-infusion apoptotic lymphocytes from donor rats can make the Th2 cytokines (IL-4, 
IL-10) increased and inhibit the expression of Thl cytokines (IL-2, IFN-γ). It showed 
that the immune tolerance induction in liver transplantation by pre-infusion apoptotic 
lymphocytes may have the relation to the balance of Thl/Th2, which induces the cell 
differentiation from Th0 cells to Th2 cells and inhibits the generation of Thl cells. 
Keywords: rat; liver transplantation; animal model; immune tolerance; immune 
rejection; electron linear accelerator; peripheral blood; apoptosis; induction; detection; 
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